Farm families and tribal communities have developed diverse locally adapted agricultural systems, around the world, which have been managed traditionally with time-tested skills and practices. While providing food and livelihood security to small scale farmers, these agricultural systems have also helped conserving genetic resources for food and agriculture. India is rich in traditional agricultural systems practised in its 20 agroecological zones. This paper briefly describes 48 of the systems which have potential for their global recognition under the FAO Initiative that began in 2002. The FAO has recognised 100 such systems/sites across 20 countries as Globally Important Agricultural Heritage Systems. India has recognition of three systems/sites while China and Japan have 15 and 11 systems/sites respectively. To get recognition to the promising agricultural heritage systems out of the suggested 48, there is a need for more scientific studies aimed at their proper description and characterization based on the appropriate criteria set out for this purpose. This is essential, because most are being threatened by the modern agricultural practices and the important ones need to be protected and promoted for wider global use. This will help face the challenges of 21 st Century, ensuring facilitated access to genetic resources and associated knowledge with sharing of benefits accrued from their use.
Introduction
Specific agricultural systems and landscapes have been created, shaped and maintained worldwide, by generations of farmers and herders, providing food, nutritional and livelihood security, and maintenance of both natural and cultural diversity. Therefore, the Agricultural Heritage System (AHS) can be defined as remarkable unique land use systems and landscapes, evolved by local communities with coadaption of biological diversity and the surrounding environment in a profitable manner, meeting the livelihood requirements, needs and aspiration of locals for sustainable development of the region.
These systems can be source of alternative knowledge and information, which can help to improve agriculture and/or management of natural resources. Further, these systems are rich in agricultural biological diversity. Environment friendly science base of the traditional practices/systems facilitating conservation of natural resources has been the basis for sustainable agriculture over centuries, particularly in the developing countries. Therefore, integration of these features with recent biotechnological techniques can help in development of more innovative technologies, which can have global significance in overcoming constrains of similar ecologies and/or to meet the challenges of climate change and that of evolving 21 st Century.
India, being centre of some of the oldest civilizations, is no exception and harbours many AHS. Three AHS i.e., Cultivation of saffron heritage of Kashmir; Traditional agriculture of Koraput; and Below sea level farming system of Kuttanad, Kerala However, many more need to be identified based on defined indices, studied by researchers representing relevant disciplines to enable their scientific characterization, potential evaluation, and documentation with a view to develop awareness and perspective value in improvement of agriculture and raise them to the level of global significance. The present article attempts to illustrate the indices that can be used in identification of AHS and bring probable AHS into scientific domain with brief description to stimulate research and in-depth studies for their detailed scientific characterization, assessment of potential value, to raise their significance globally for wider use and claim for a World Heritage tag from FAO. It becomes more essential under the present global IPR, and access and benefit sharing scenario on the use of genetic resources and traditional knowledge.
Indian Subcontinent/India, a Host of Agricultural Heritage Systems
Indian Subcontinent is one of the oldest centres of agriculture origin with earliest evidences of settled agriculture at Mehrgarh close to 7000 BC or 6500 BC (Jarriage, 1984; Possehl, 1988) in two phases (Neolithic and Chalcolithic); recent discovery at Gulf of Khambhat also called Gulf of Cambay, perhaps as old as 7500 BC (Frawley, 2002) , may be an ancient delta of the now dry Saraswati River and coastal origin, and/or a part of greater Saraswati region and culture; and the Neolithic settlements at Chopani Mando in Gangetic plains, Koldiwah and Mahagara in the Belan Valley in the Vindhyan Ranges adjoining Gangetic Plains with south ward movement into Madhya Pradesh. Further expansion of agriculture to other parts of the Indian Subcontinent with diverse ecologies led to development of many diverse, but unique agricultural heritage systems adapted to wide range of agro-climates. This phenomenon led to development of diverse agriculture and agricultural practices and evolution of several civilizations, such as Harappan Civilization renamed as Indus-Saraswati Civilization (Misra, 1994; Gupta, 1993 Gupta, , 1996 Gupta, , 2001 or Saraswati River Civilization (Kalyanaraman, 2001) and Gangetic Civilization as component of larger Vedic civilization or culture, with predominant agriculturebased economy.
The Indian Subcontinent is also unique, encompassing a wide range of ecological/climatic diversity starting from snow covered Himalayan Mountains to cold desert and alpine forests, from river plains to hot deserts, and from subtropical vegetation to tropical rainforests. While evolving from hunters and gatherers to settled life with agriculture, the interactions of local communities with rich biological diversity available in diverse ecological regions and the landscapes, resulted in domestication of many plant and animal species and evolution of practices for cultivation or rearing and management, for conservation of diverse locally available natural resources, ensuring long-term sustainability and adaption to prevailing environment. These have been further evolved, shaped and maintained by generations of farmers and herders under diverse macro-and micro-environments based on diverse natural resources, use and culture. This resulted in the building of significantly valuable local knowledge and experience about management, conservation and sustainable use of natural resources. Therefore, these ingenious indigenous agricultural heritage systems reflect the microlevel diversity in evolution of agriculture and humankind, the diversity of their knowledge, and their profound relationship with nature.
Prospective Agricultural Heritage Systems in India
Consequent to size and the wide ecological diversity of the Indian Subcontinent, there are many prospective agricultural systems dispersed over the various agroecological zones, based on the indices commonly used for identification of AHS. However, most need in-depth study for their characterization and evaluation, establishing the unique features and the potential value for notification, documentation, protection and promotion of their science base, as a source of alternative knowledge and genetic material, to meet the challenges of 21 st century. They are listed below:
Traditional Land Claiming System for
Agriculture Use: It is practiced in Ladakh and surrounding cold arid region. It involves channelizing of water from snow-melt streams and rivers to stoned terraced structures (fields) 13. Panikehti Rice Cultivation, Nagaland: It is practiced overcoming the problems of diverse altitude, slopy topography and climatic conditions. It involves carrying water from some stream or torrent to terraces and maintenance of about 10 to 15 cm of water level, facilitated by a stone, kept at the opening of the bund. The excess water runs down to lower terraces through wedge type openings in the bunds, which facilitates efficient use of water and prevents soil erosion.
14. Zabo System, Phek District Nagaland: This is a composite farming system with a combination of forestry, agriculture, livestock, and fisheries. Zabo means impounding of water, evolved to overcome deficient rainfall. Under this system, the first component consists of the top of the hill and areas below, where forests are maintained. This works as the harvested rainwater catchment area. The second component consists a little down collecting water in ponds that are dug according to the size of the catchment and expected quantity of water. These ponds are used as de-siltation tanks. After keeping the water for 2 to 3 days, it is transferred to a larger main tank. The de-siltation ponds are de-silted every year and the material, which contains a good amount of organic matter and nutrients, is spread in the terraced rice fields to improve the soil fertility. The third component consists of livestock enclosures of bamboo a little below the main water storage tank.
Generally, a few families keep their animals together in one enclosure. The fourth component is the rice fields, which, at the time of irrigation, get water from the main tank. As water passes through the livestock enclosures, it carries dung and urine mix of the animals to the fields along with the flow, providing much needed fertilizers/ nutrition to the soil.
15.
Alder (Alnus nepalensis D.Don.) Agroforestry System, Nagaland: It is an agroforestry system involving planting of the alder trees to enhance the soil fertility with crops such as maize, job's tears, millet, potato, chili, pumpkin, barley, etc. Alder is a non-leguminous tree that fixes atmospheric nitrogen through nodules on the roots. In addition, the litter of the trees add phosphorus, potassium, calcium, and other nutrients to the soil along with biomass. The timber of Alder is used for furniture and fuelwood. 
Water Conservation and Irrigation

Pynes and Aahar Irrigation System, Middle
Gangetic Plains: During Magadha period traditional system of irrigation, involved fetching of water from rivers to fields through pynes (small nullahs) and storing it in a pond-like structure called aahar (catchment basin, embanked on three sides, with the 'fourth' side being the natural gradient of the land itself). Starting out from the river, pynes meander through fields to end up in an aahar. Most pynes flowed within 10 km of a river and their length was not more than 20 km. Pynes were used to water fields on both sides, and aahar was used to supply water to drought-hit lands. Between them was a perfect 'water-tight' system to ensure that irrigation facilities cover all the sown fields. Aahar beds were also used to grow a rabi (winter) crop after draining out the excess water that remained after kharif (rainy season) cultivation.
Cultivation of Water-Loving Jute and Allied
Fibres, Gangetic Delta Region: Jute is one of the major crops of the Gangetic Delta, cultivated as an additional/alternate crop, particularly in the areas prone to flooding. More than 85% of the world production of jute comes from the Gangetic Delta. 
Semi-nomadic Pastoral Farming and
Dryland Agriculture System, South-Central Eastern Ghats: The dry ecological conditions and lack of perennial sources of water with rich livestock diversity and land resources like savannah grassland and thorny thickets for feeding animal, has resulted in evolution of seminomadic pastoral farming system. Its practice from ancient times is indicated by archaeological ash mounds of cattle dung discovered at Neolithic sites in South India reflecting the presence of pastoralist camps (Allchin, 1963 (Jayan and Sathyanathan, 2010) . This system is also practiced in Thrissur and Ernakulam districts.
In Kannur district of North Kerala, a similar system called 'Kaipad' is practiced with the rich biodiversity of flora and fauna, organically rich soil, mangroves, and migratory birds. It differs from 'Pokkali' in the way it is carried out, which is purely natural way relying on the monsoon and the sea tides. Besides, it has its own salinity-tolerant landraces of rice and highyielding rice varieties (Vanaja, 2013 
FAO Initiative
To safeguard and support the world's important AHS, FAO initiated a project for identification and dynamic conservation of Globally Important Agricultural Heritage Systems (GIAHS) in 2002 (GIAHS, 2002) . This GIAHS initiative, now referred as GIAHS Program, under FAO promotes public understanding and awareness development about AHS, and their national and international recognition. To date FAO has identified 36 sites in 15 countries after scientific evaluation. Jhum or slash-and-burn Primitive agriculture practiced on plots cleared after Meghalaya, Nagaland tribecultivation system slashing and burning the vegetation and cultivating Angami, Koraput and Konkan economic plants
12
Drip irrigation using bamboo Using bamboo pipes, trapping stream and spring-water Khasi, Jaintia and Garo Hills, pipes to irrigate plantations tribe-Austro-Asiatic
13
Panikehti Rice Cultivation Carrying of water from stream or torrent to terraces of District Phek, Nagaland, Naga rice fields in controlled manner, restricting soil erosion tribes 14 Zabo system of composite Impounding of water at various levels, to practice District Phek, Nagaland, Naga farming system composite community farming with a combination of tribes forestry, livestock, irrigating rice fields and fisheries
15
Alder (Alnus nepalensis) Planting of non-leguminous alder trees to enhance the Nagaland, Naga tribes agroforestry system soil fertility with nitrogen and other nutrients (Sehgal et al., 1992) , bringing them into scientific domain for further investigation, leading to their characterization, evaluation, and assessment of potential value from scientific knowledge and practical application point of view, particularly in management of natural resources and sustain/improve agriculture in difficult/extreme ecologies of the world, taking advantage of FAO initiative.
FAO initiative has been providing systematic support for protection through preservation and adaptive management of such AHS at- 
Possible Criteria for Identification of Important Agricultural Heritage Systems
To strengthen FAO efforts, it is suggested to adopt a participatory methodology for identification of AHS involving both the farmers and agricultural scientists representing concerned disciplines, as the scientific perceptions may vary. Following general indices can be used for identification of the prospective agricultural heritage system: l The system should be rich in agricultural biodiversity, contributing to food and nutritional security and/or livelihood support to farming communities. Finally, the degree of dependence of the local community upon its traditional system(s), because of their adaptations to stress, environment factors-both biotic and abiotic, minimizing the inherent risks associated with farming.
Possible Values of Such Systems
In terms of large-scale production, the traditional agricultural heritage systems are less competitive in products, yield and prices. Nevertheless, they have other irreplaceable functions and values, which together make them as serious alternative options/ technologies for consideration towards improvisation of available technologies and products, and in mediating the adverse consequences of climatic change, facilitating environment friendly modern development. They are:
l Rich in agricultural biodiversity in terms of products (landraces, farmers varieties) and indigenous technologies/systems for effective management and conservation of natural [both edaphic, including water (upland, midland, lowland) 
Need for Their Characterization, Evaluation and Protection
All the traditional systems may not be dynamic and of the same value, either economically or for sustainability to suite the changing climatic conditions, socioeconomic development and market forces. Therefore, they need to be characterized and evaluated for assessment of their potential value. The unique AHS adapted to wide agroclimatic ranges need to be identified based on the indices discussed above and brought into scientific domain as additional resource of alternative knowledge/technique for development of more innovative agricultural technologies with a mix of components of traditional agricultural systems and the modern agricultural technologies. For example, integrated pest management systems, including both biological and chemical control, and recombinant DNA technology incorporating alien natural genes/alleles from diverse sources into locally well adapted products (varieties, breeds, etc.) . This approach shall stimulate research and development of dynamic conservation practices with appropriate balance between conservation, use of modern technologies and socio-economic development.
Characterization and evaluation are also needed, because of the present scenario of Intellectual Property Rights (IPR) and access and benefit sharing (ABS) mechanism evolved as per the provisions of Convention on Biological Diversity (CBD), ensuring protection of farmers and communities rights over traditional knowledge and products, and providing fair and equitable sharing of benefit(s) accrued from their use.
Lastly, traditional heritage systems need characterization and evaluation to enable protection of important ones, before they are lost. As most are under threat because of intensification of modern agriculture with new technologies and products and following other reasonsl Most heritage systems are being threatened, because of the population pressure, social, cultural and economic changes that are occurring to meet human and market needs without bothering about their negative impact, particularly on environment and climate. l Accelerated urbanization and infrastructure development is adversely affecting the biodiversity in general and agrobiodiversity in particular with drastic changes in land-use pattern causing genetic erosion.
l Modernization in general and in agriculture, neglecting the traditionally diverse heritage systems evolved over time in eco-friendly manner. In this process a significant amount of traditional knowledge is being lost, needing documentation/protection. l Reduced local community/farmers participation in planning and decision-making for the development of the area and imposition of alien ideas to obtain greater economic yield, eroding these systems and their products. Inappropriate alien policies, legal and incentive framework evolved to support various initiatives, such as forest conservation and biodiversity, and water management systems (modern dams) are also putting a significant pressure on traditional heritage systems.
Promotion and Utilization
Upon evaluation and assessment of potential value, the significantly important agricultural heritage systems need to be protected, promoted and effectively utilized following diverse strategies. They may be registered/notified with appropriate agencies, along with the registration of their products (varieties, breeds, by-products, etc.) under various national and international legislations. They may be promoted with branding and encouraged with payment of incentives/ subsidies for adoption towards an environmentally friendly, and/or organic agriculture and for promotion of recycling of crop residue systems with value addition, contributing to environmental protection. Because of being labour intensive, they may provide greater employment opportunities to locals and economic development through programs, such as Agritourism, Ecotourism, Traditional Cultural tourism, etc. These programs should be evaluated following various strategies (feedback) at regular intervals to keep them updated through improvisation and dynamic changes.
Epilogue
The intensification of modern agriculture to meet the food and nutritional requirements of ever-growing global population is adversely affecting the ecofriendly traditional agricultural heritage systems, which have components both for conservation of natural resources and for sustainability of agriculture. Yield gains of modern agriculture has been threatening to the extent of extinction of traditional agriculture systems, leading to loss of knowledge about the science base of such systems and the gene pool/ genetic diversity. They also need protection as per the provisions of CBD, to ensure protection of Indigenous Technological Knowledge (ITK) and the genetic resources evolved by generations of farmers to ascertain facilitated access and fair and equitable benefit sharing on gains accrued from their commercial use. Therefore, there is a need to identify the AHS globally, particularly in the developing world, which is still not overpowered by the modern agriculture. Scientific characterization, concentrating on interaction between companion species of agroecosystem, their documentation, and evaluation to assess the potential value is the need of the hour. This shall result in notification of potentially valuable agriculture heritage systems, development of awareness regarding their value, need for their protection and promotion for use in similar ecologies, particularly the extreme ecologies and developing economies. If this is achieved, as FAO initiative envisages in its program, these AHS can be source of scientific knowledge and genetic material for use and development of innovative technologies and products based on combination of both traditional (AHS) and modern agriculture, overcoming the challenges of changing climatic scenario and those of 21 st -century. The present article discusses the criteria and methodology that can be used for identification, characterization, evaluation, protection and promotion of an AHS or its science base in overall development. The article lists 48 prospective AHS spread over the different agroecological zones of India or replicated (science base) within the subcontinent with brief description that can be the basis for their in-depth studies and use. Considering that out of the 50 GIAHS announced by the FAO by April 2018 only three are from India, the authors also take this opportunity to appeal to the national project funding agencies and the implementing institutions and research scholars to accord priority to studies on further characterization and validation of the proposed 48 Indian agricultural heritage systems to get some of them upgraded for their recognition by the FAO at the global level.
Nevertheless, as a word of caution, the authors would like to suggest that while identifying and assessing the potential value of an AHS, the usefulness of a system and the technology integral to it should not be decided by the old or new, but by its appropriateness. Also, the efforts should avoid putting the traditional against modern, but to put both together in a way to improve sustainable food production globally.
